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appropriate measurement, and the fatal accident rate for teens is about
three times that for the elderly.

The second major aspect of the quality of measurements, after va-
lidity, is accuracy. A measuring process may show systematic error, or
bias, as when a scale always reads 3 pounds low. Bias is a straightfor-
ward idea only when the "true value" that measurement should yield is
clearly understood. Possible bias in SAT scores is a continuing source
of intense debate, since no "correct" value is available for comparison.
As usual, physical measurement is much more straightforward than be-
havioral or social measurement.

A measuring process also shows variation; that is, repeated measure-
ments of the same quantity do not give identical results. The variations
in common instruments such as bathroom scales and tape measures are
small relative to the desired accuracy, so we are accustomed to ignoring
variation in measurement. Activities that demonstrate measurement
variation are needed. Requiring students to interpolate between scale
markings when measuring length or weight, or to estimate a length or
count by eye, provides a set of varying measurements whose distribu-
tion can be displayed and discussed with the tools of data analysis. Bias
is described by the center of the distribution of measurements and vari-
ation by the spread.

Measurement activities followed by discussion of the data they pro-
duce increase students' sensitivity to the issue of the quality of mea-
surements. Here is an example from a college class.

The instructor asked each student to measure and record his
or her pulse rate (heartbeats per minute) on a piece of paper.
A stemplot of the collected data showed an outlier that almost
certainly resulted from a gross error, though no one would ad-
mit having recorded a seated pulse rate of 180. The stemplot
also showed a suspicious concentration of pulse rates ending in
0. Questioning revealed that several students had learned in
aerobics classes to count beats for 6 seconds and multiply by
10, This led to a discussion of the measurement methods used.
Most students had counted beats for 60 seconds. The class de-
cided that this is more accurate than the aerobics class method,
but it suffers from partial beats at the beginning and end of the
60-second period. Someone suggested timing exactly 50 beats
with a stopwatch and calculating beats per minute from this
time. This was accepted as a more accurate practical measure-
ment method.